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©  Process  for  the  preparation  of  1,3-dioxane-4,6-dione  derivates. 

©  The  invention  relates  to  a  process  for  preparing  the  compounds  of  general  formula  (I), 
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means  hydrogen,  Ci  -+alkyl  or  (Ci  -5alkoxy)carbonyl  group; 
stands  for  a  Ci-g  alkyl,  (Ci  -5alkyl)carbonyl,  (Ci  -5alkoxy)carbonyl  or  (Ci  -5alkoxy)carbonyl- 
(Ci  -^alkyl)  group;  or  a  cyclohexyl  group;  or  a  cyclopentyl  group;  or  a  phenyl,  furyl  or  thienyl 
group,  optionally  substituted,  or  a  b-CH  =  CH  group,  wherein  b  is  a  phenyl  group;  or 
together  form  a  C^alkylene  group; 
represents  a  Ci  -5  alkyl  or  phenyl  group; 
means  hydrogen  or  a  Ci  -^alkyl  group;  or 
together  form  a  pentylene  group. 

By  reacting  a  compound  of  general  formula  (II) 
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with  a  compound  of  general  formula  (III) 
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and/or  reducing  a  compound  of  the  general  formula  (IV), 

(IV)  . 
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This  invention  relates  to  a  new  process  for  preparing  1  ,3-dioxane-4,6-dione  derivatives  of  the  general 
formula  (I), 

r   V o   R 2  

R1 
0  

wherein 
is  R  means  hydrogen,  Ci  -^alkyl  or  (Ci  -5alkoxy)carbonyl  group; 

R1  stands  for  a  Ci-g  alkyl,  (ci  -5alkyl)carbonyl,  (Ci  -5alkoxy)carbonyl  or  (Ci  -5alkoxy)- 
carbonyl--(Ci  -^alkyl)  group;  or  a  cyclohexyl  group;  or  a  cyclopentyl  group;  or  a  phenyl, 
furyl  or  thienyl  group.optionally  mono-,  di-  or  trisubstituted  by  halogen,  Ci-4alkoxy, 
Ci  -+alkyl,  nitro,  Ci  -^alkylthio,  di(Ci  -4alkyl)amino  or  hydroxy  groups;  or  a  b-CH  =  CH 

20  group,  wherein  b  is  a  phenyl  group;  or 
R  and  R1  together  form  a  straight-chain  C^alkylene  group; 
R2  represents  a  Ci  -5  alkyl  or  phenyl  group; 
R3  means  hydrogen  or  a  Ci  -^alkyl  group;  or 
R2  and  R3  together  form  a  pentylene  group, 

25  by  reducing  a  compound  of  the  general  formula  (IV), 

( I V )  

wherein  R,  R1,  R2  and  R3  are  as  defined  above. 
The  compounds  of  general  formula  (IV)  are  preferably  pepared  by  reacting  an  oxo  compound  of  the 

general  formula  (II), 

^ C O   ( I D  

wherein  R  and  R1  are  as  defined  above  with  an  1  ,3-dioxane--4,6-dione  derivative  of  the  general  formula  (III), 

55 
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5 ( I I I )  

10 
wherein  R2  and  R3  are  as  defined  above. 

In  the  last  years,  the  role  of  compounds  of  general  formula  (I)  has  become  more  important  since  they 
can  be  easily  transformed  to  useful  intermediates  or  final  products  in  various  ways  [Heterocycles  32,  529 
(1991)]:  e.g.  a  group,  being  different  from  the  substituent  being  present,  can  be  introduced  to  the  5-position 

is  of  the  1  ,3-dioxane-4,6-dione  skeleton;  furthermore,  malonic  acid  and  carboxylic  acid  derivatives  can  be 
obtained  by  cleaving  the  1  ,3-dioxane-4,6--dione  ring  with  suitable  reagents  [Chem  Soc.  Reviews  7,  345 
(1978)]. 

The  best  known  representative  of  compounds  of  the  general  formula  (III)  is  the  2,2-dimethyl-1  ,3- 
dioxane-4,6-dione  [(III),  R2  =  R3  =  CH3;  hereinafter  named  Meldrum's  acid]. 

20  A  number  of  publications  have  been  devoted  to  the  preparation  of  compounds  of  the  general  formula  (I) 
by  using  Meldrum's  acid  as  starting  substance.  However,  when  reacting  Meldrum's  acid  with  halide 
compounds  in  order  to  substitute  it  in  5-position,  5,5-disubstituted  Meldrum's  acid  is  obtained  in  each  case, 
except  a  few,  mostly  very  expensive  halide  compounds  having  a  particular  structure.  The  5-mono- 
substituted  Meldrum's  acid  derivatives  according  to  the  general  formula  (I)  cannot  be  prepared  in  this  way 

25  (Synthesis  1982,  452). 
Thus,  compounds  of  the  general  formula  (I)  are  prepared  by  reacting  a  monosubstituted  malonic  acid 

with  acetone  and  acetic  anhydride  in  the  presence  of  sulfuric  acid  as  catalyst  to  give  a  5-substituted  2,2- 
dimethyl-1,3-dioxane-4,6-dione  derivative  [(I),  R1  =  R3=  CH3]  [Chem.  Ber.  94,  929  (1961);  J.  Am.  Chem. 
Soc.  80,  4933  (1958)].  A  disadvantage  of  this  process  is  that  the  monosubstituted  malonic  acid  used  as 

30  starting  substance  can  only  be  prepared  by  a  multi-step  synthesis  in  a  low  yield. 
According  to  an  other  known  method,  the  compounds  of  general  formula  (I)  are  prepared  in  such  a  way 

that  an  1  ,3~dioxane-4,6-dione  derivative  of  general  formula  (III)  is  reacted  with  an  aldehyde  or  ketone  of 
general  formula  (II);  then  the  double  bond  of  the  unsaturated  compound  of  general  formula  (IV)  formed  is 
saturated  with  hydrogen,  e.g.  by  catalytic  hydrogenation  [J.  Org.  Chem.  26,  992  (1961)]  or  sodium 

35  borohydride  (Tetrahedron  Lett.  1979,  2325)  or  lithium  aluminium  hydride  [Monafsh.  Chem.  98,  184  (1967)] 
to  give  the  compound  of  general  formula  (I). 

The  first  step  of  the  above  process  is  a  Knoevenagel-type  condensation  reaction  rapidly  proceeding 
with  an  aldehyde  and  significantly  more  slowly  with  a  ketone.  A  disadvantage  of  this  method  is  that,  by 
using  the  so-called  reactive  aldehydes  (e.g.  benzaldehyde,  straight-chain  alkyl  aldehydes)  Michael-type  bis- 

40  compounds  are  mainly  formed  in  such  a  way  that  first  a  compound  of  the  general  formula  (IV)  is  formed  in 
a  very  rapid  reaction,  then  a  second  molecule  of  the  compound  of  general  formula  (III)  is  added  to  the 
double  bond  of  the  compound  of  general  formula  (IV)  obtained  (Tetrahedron  Lett.  1969,  4983).  The 
formation  of  the  Michael  adduct  can  be  restricted  by  saturating  in  situ  with  hydrogen  the  double  bond  of  the 
compound  of  general  formula  (IV)  formed  in  the  condensation  reaction. 

45  According  to  the  literature,  the  compounds  of  general  formula  (I)  are  directly  prepared  from  an  aldehyde 
or  ketone  of  the  general  formula  (II)  with  a  Meldrum's  acid  of  the  general  formula  (III)  by  reacting  the 
components  in  the  presence  of  piperidinium  acetate  or  sodium  hydrogen  telluride  [Synth.  Commun.  16, 
1701  (1986)]  or  without  piperidinium  acetate  in  the  presence  of  borohydride/dimethylamine  [Tetrahedron 
Lett.  24,  4951  (1983)]. 

50  The  processes  based  on  the  reduction  of  compounds  of  the  general  formula  (IV)  are  difficult  to  carry 
out  since  the  compounds  of  general  formulae  (IV)  and  (I)  are  heat-sensitive  and  liable  to  decomposition.  An 
other  problem  is  that  the  reduction  should  be  selectively  accomplished  in  order  to  reduce  only  the  double 
bond  being  present  in  5-position  of  the  compound  of  general  formula  (IV),  without  affecting  any  other  double 
bond,  e.g.  the  carbonyl  or  nitro  group  being  present  in  the  molecule. 

55  The  known  processes  involve  a  number  of  difficulties.  The  preparation  from  ketones  of  compounds  of 
the  general  formula  (IV)  gives  low  yields  in  most  cases.  Catalytic  hydrogenation  requires  a  complicated  and 
expensive  equipment  and  metal  catalysts  are  usually  inflammable.  Other  particular  reducing  agents  such  as 
hydrides  are  commonly  known  to  be  inflammable  and  explosive;  the  reduction  has  to  be  carried  out  in  an 
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inert  gas  atmosphere. 
These  reactions  require  suitable  safety  measures  and  equipments.  A  further  difficulty  is  that  1,3- 

dioxane-4,6~dione  derivatives  are  commonly  unstable  to  heat;  thus,  the  reaction  rate  cannot  be  unrestric- 
tedly  increased  by  elevating  the  temperature;  and  the  product  obtained  contains,  as  a  consequence  of 

5  decomposition,  other  contaminations,  too. 
Thus,  the  problem  underlying  to  the  present  invention  is  to  prepare  the  compounds  of  general  formula 

(I)  in  a  simple  and  selective  manner  at  room  temperature  in  good  yields,  by  using  the  "one  pot"  method 
with  safe  reagents  in  a  simple  equipment. 

The  invention  is  based  on  the  recognition  that  the  compounds  of  general  formula  (IV)  can  easily  and 
io  simply  be  reduced  to  the  compounds  of  general  formula  (I)  in  the  presence  of  a  mixture  containing  formic 

acid  and  [a]  secondary  and/or  tertiary  amine(s). 
Formic  acid  is  a  known  reducing  agent  in  the  chemical  literature,  but  compounds  of  the  general  formula 

(IV)  cannot  be  reduced  by  formic  acid  alone.  On  using  formic  acid  together  with  a  palladium-on-carbon 
catalyst,  all  double  bonds  being  present  in  the  compound  of  general  formula  (IV)  are  reduced.  Thus,  it  is 

is  surprising  that,  in  the  presence  of  a  secondary  or  tertiary  amine,  formic  acid  is  capable  to  selectively 
reduce  compounds  of  the  general  formula  (IV)  to  compounds  of  the  general  formula  (I)  at  room  temperature 
in  a  good  yield. 

The  invention  is  based  on  the  further  recognition  that  the  condensation  of  compounds  of  general 
formula  (II)  with  compounds  of  the  general  formula  (III)  is  catalyzed  by  the  mixture  of  formic  acid  and  [a] 

20  secondary  and/or  tertiary  amine(s);  in  the  presence  of  these  compounds  the  compounds  of  general  formula 
(IV)  can  be  obtained  in  a  rapid  reaction  without  formation  of  side-products,  in  a  good  yield,  and  the 
reduction  step  is  not  affected  by  the  1  molar  equivalent  of  water  liberated  in  the  reaction.  Consequently,  it  is 
made  possible  to  prepare  the  compounds  of  general  formula  (I)  without  isolating  the  compounds  of  general 
formula  (IV),  directly  by  reacting  a  compound  of  the  general  formula  (II)  with  a  compound  of  the  general 

25  formula  (III)  and  in  situ  reducing  the  intermediate  of  general  formula  (IV)  obtained. 
Thus,  the  invention  relates  to  a  new  process  for  the  preparation  of  compounds  of  the  general  formula 

(I),  wherein  R,  R1,  R2  and  R3  are  as  defined  above,  which  comprises  reacting  a  compound  of  general 
formula  (II)  with  a  compound  of  general  formula  (III)  and/or  reducing  a  compound  of  the  general  formula 
(IV),  wherein  R,  R1,  R2  and  R3  are  as  defined  above,  in  the  presence  of  formic  acid  and  [a]  secondary 

30  and/or  tertiary  amine(s)  at  a  temperature  of  10  to  70  °  C. 
The  compounds  of  general  formula  (IV)  can  suitably  be  prepared  by  reacting  an  oxo  compound  of  the 

general  formula  (II),  wherein  R  and  R1  are  as  defined  above,  with  an  1  ,3~dioxane-4,6-dione  derivative  of  the 
general  formula  (III),  wherein  R2  and  R3  are  as  defined  above,  in  the  presence  of  a  mixture  of  formic  acid 
and  [a]  secondary  and  or  tertiary  amine(s). 

35  Under  the  compounds  to  be  prepared  by  the  process  according  to  the  invention  compounds  of  general 
formula  (I)  are  preferred,  wherein 

R  means  hydrogen,  Ci  -+alkyl  or  (Ci  -^alkoxyjcarbonyl  group; 
R1  stands  for  a  C1-5  alkyl,  (Ci  -4alkyl)carbonyl,  (Ci  -^alkoxyjcarbonyl  or  (Ci  -^alkoxy)- 

carbonyl-(Ci  -^alkyl)  group;  or  a  phenyl,  furyl  or  thienyl  group  optionally  mono-,  di-  or 
40  trisubstituted  by  fluorine,  chlorine  or  bromine  or  a  Ci  -+alkyl,  Ci-4alkoxy,  nitro,  hydroxy, 

Ci  -^alkylthio  or  di(Ci  -4alkyl)amino  group;  or 
R  and  R1  together  form  a  straight-chain  C^alkylene  group; 
R2  represents  a  Ci  -^alkyl  or  phenyl  group; 
R3  means  hydrogen  or  a  ci  -^alkyl  group;  or 

45  R2  and  R3  together  form  a  pentylene  group. 
In  the  present  description  "Ci  -̂ .alkyl  group"  means  a  straight  or  branched  chain  alkyl  group,  e.g. 

methyl,  ethyl,  propyl,  isopropyl,  butyl,  isobutyl,  tert-butyl  or  sec-butyl  group. 
The  substituted  phenyl  group  as  R1  is  preferably  characterized  by  the  general  formula  (V) 

50 

55 
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wherein  RG  ,  R7  and  R8  ,  being  the  same  or  different,  stand  for 
halogen,  Ci  -+alkyl,  Ci-4alkoxy,  hydroxy,  nitro,  Ci-4al 
kylthio  or  di(Ci  -4alkyl)amino  group. 
The  substituted  furyl  or  thienyl  group  as  R1  is  preferably  characterized  by  the  general  formula  (VI) 

R 9  

10 
( V I )  

15  wherein 
X  stands  for  an  oxygen  or  sulfur  atom;  and 
R9  and  R10  ,  being  the  same  or  different,  preferably  mean  hydrogen,  chlorine,  Ci  -+alkyl,  Ci-4alkoxy, 

nitro  or  hydroxy  groups. 
The  compounds  of  general  formula  (IV)  are  not  reduced  by  formic  acid  alone;  for  this  purpose  the 

20  presence  of  a  secondary  or  tertiary  amine  is  necessary.  Useful  secondary  or  tertiary  amines  are  e.g.  amines 
di-  or  tri-substituted  by  Ci  -+alkyl  group(s),  such  as  dimethylamine,  diethylamine,  methylethylamine, 
trimethylamine,  triethylamine  or  cyclic  amines,  e.g.  pyridine,  piperidine  or  N-(Ci  -4alkyl)piperidines  such  as 
N-ethylpiperidine,  as  well  as  morpholine;  from  these  bases  triethylamine  is  the  most  useful. 

For  1  mole  of  a  compound  of  the  general  formula  (IV)  at  least  1  mol  of  formic  acid  is  required  but  it  is 
25  suitable  to  use  the  formic  acid  in  excess.  It  is  preferable  to  use  1-20  moles,  more  preferably  3-12  moles  and 

most  preferably  6-12  moles  of  formic  acid  in  relation  to  1  mole  of  the  compound  of  general  formula  (IV). 
The  molar  ratio  of  the  secondary  or  tertiary  amine,  respectively,  to  the  formic  acid  may  be  varied 

between  broad  limits:  the  amine  is  used  in  an  amount  of  0.1-1.0  mole,  preferably  0.1-0.5  mole,  more 
preferably  0.2-0.25  mole,  calculated  for  1  mole  of  formic  acid.  When  using  triethylamine,  the  mole 

30  compound  [(C2H5)3N]2«(HC02H)5  corresponding  to  the  molar  ratio  of  1:2.5  plays  an  outstanding  role. 
The  reaction  may  be  accomplished  without  using  any  solvent,  in  a  mixture  containing  the  secondary  or 

tertiary  amine,  respectively,  preferably  triethylamine  and  formic  acid;  however,  an  inert  organic  solvent  such 
as  dimethylformamide,  acetonitrile,  chloroform  or  ethanol  may  also  be  used  in  this  reaction. 

The  reaction  can  be  carried  out  at  a  temperature  between  10  and  70  °C,  preferably  between  20  and  55 
35  °C. 

The  reduction  is  selective:  only  the  double  bond  in  position  5  of  the  1  ,3-dioxane-4,6-dione  cycle  is 
saturated  with  hydrogen,  no  other  double  bond  being  present  in  any  position  of  the  compound  of  general 
formula  (IV)  is  affected.  Thus,  e.g.  the  nitro  group,  which  is  otherwise  easy  to  reduce,  remains  unchanged. 

The  end  of  the  reaction  is  usually  shown  by  the  dissolution  of  the  compound  of  general  formula  (IV)  or 
40  by  cessation  of  the  evolution  of  carbon  dioxide. 

The  reaction  can  be  carried  out  in  a  bottle  equipped  with  a  mechanical  stirrer.  When  using  a  solvent,  it 
is  suitable  to  fit  the  bottle  with  a  reflux  condenser. 

The  isolation  of  the  reaction  product  is  simple.  In  most  cases,  the  target  product  is  precipitated  by 
diluting  the  reaction  mixture  with  water  and,  after  filtration  and  washing  with  water,  the  compound  of  general 

45  formula  (I)  is  obtained  with  a  satisfactory  quality.  Alternatively,  the  product  may  be  extracteed  from  the 
reaction  mixture  diluted  with  water  and  acidified  to  pH  1  by  using  a  water-immiscible  solvent. 

The  compounds  of  general  formula  (IV)  can  be  prepared  in  a  manner  known  per  se,  e.g.  according  to 
any  variant  of  the  Knoevenagel-Doebner  reaction,  by  using  the  compounds  of  general  formulae  (II)  and  (III) 
as  starting  substances. 

50  On  using  formic  acid  and  a  secondary  or  tertiary  amine  as  condensing  agent,  the  compound  of  general 
formula  (IV)  is  formed  in  the  first  step  of  the  consecutive  reaction  and  can  be  isolated. 

The  yield  of  the  compound  of  general  formula  (I),  i.e.  the  success  of  the  reaction  is  substantially 
determined  by  the  structure  of  the  compound  of  general  formula  (II)  conclusively,  by  the  formation  liability 
of  the  compound  of  general  formula  (IV).  The  mixture  of  formic  acid  and  a  tertiary  amine  proved  to  be  a 

55  very  favourable  condensing  agent.  In  the  presence  of  formic  acid  and  a  tertiary  amine,  aldehydes  very 
rapidly  react  with  the  compounds  of  general  formula  (III):  the  reaction  becomes  complete  within  10  to  60 
minutes.  This  reaction  is  unsuccessful  with  paraformaldehyde  or  acetaldehyde  because  of  formation  of  the 
corresponding  Michael  adduct.  Ketones  react  more  slowly;  therefore,  it  is  useful  to  employ  them  in  an 

6 
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excess  related  to  the  compound  of  general  formula  (III). 
In  this  reaction,  the  molar  ratio  of  the  compound  of  general  formula  (II)  to  the  compound  of  general 

formula  (III)  can  be  varied  from  1:1  to  8:1,  suitably  from  1.5:1  to  6:1,  more  suitably  from  2:1  to  5:1. 
Formic  acid  is  used  in  an  amount  of  1  to  25  moles,  peferably  1.5  to  18  moles,  more  preferably  3  to  12 

5  moles,  in  relation  to  1  mol  of  the  compound  of  general  formula  (III). 
The  secondary  or  tertiary  amine  is  used  in  relation  to  formic  acid  in  an  amount  of  1  to  0.1  mole, 

preferably  1  to  0.5  mole,  more  preferably  1  to  1.125  mole. 
The  reaction  proceeds  even  at  room  temperature;  it  is  carried  out  at  a  temperature  betwen  10  and  70 

°C,  preferably  between  20  and  55  °C,  more  preferably  between  45  and  55  °C.  The  reaction  becomes 
io  complete  at  20-25  °C  within  1-13  days,  at  45-55  °C  within  1-13  hours  and  at  70  °C  within  1-4  hours.  It  is 

not  of  purpose  to  increase  the  reaction  temperature  above  70  °C  since  both  the  starting  substance  of 
general  formula  (III)  as  well  as  the  compound  of  general  formula  (I)  obtained  as  target  product  are 
decomposed  at  these  temperatures. 

The  reaction  can  be  realized  without  using  any  solvent,  in  a  mixture  of  the  secondary  or  tertiary  amine, 
is  preferably  triethylamine,  and  formic  acid  although  an  inert  organic  solvent  such  as  dimethylformamide, 

acetonitrile,  chloroform  or  ethanol  may  be  employed  in  this  reaction,  too. 
The  compounds  of  general  formula  (II)  are  usually  produced  on  industrial  scale  and  are  commercially 

available.  The  compounds  of  general  formula  (III)  can  be  prepared  by  using  the  method  of  Meldrum  [J. 
Chem.  Soc.  93,  598  (1908)]  or  Ott  [Liebigs  Annalen  401,  159  (1913)]. 

20  The  invention  is  illustrated  in  detail  by  the  following  non-limiting  Examples.  In  these  Examles  the 
temperature  values  are  given  in  Celsius  degrees.  In  the  data  of  1H-NMR  spectra  the  numeric  values  mean 
chemical  shifts  in  ppm  units. 

Example  1 
25 

Preparation  of  5-(3,4-dlmethoxyphenylmethyl)-2,2-dlmethyl-1  ,3-dloxane-4,6-dlone 

24.3  g  (33.6  ml,  0.24  mol)  of  triethylamine  were  dropwise  added  to  27.6  g  (22.6  ml,  0.6  mol)  of  formic 
acid  under  stirring  and  cooling  to  give  a  mixture  of  50  ml  volume. 

30  7.2  g  (0.05  mol)  of  2,2-dimethyl-1  ,3-dioxane-4,6-dione  (Meldrum's  acid)  and  8.3  g  (0.05  mol)  of 
veratraldehyde  were  weighed  into  a  flask  equipped  with  a  stirrer  and  the  above  mixture  of  50  ml  volume 
containing  formic  acid  and  triethylamine  was  added.  The  reaction  mixture  was  stirred  at  room  temperature 
for  30  minutes,  then  heated  to  45-50  °C  during  30  minutes  and  stirred  at  the  same  temperature  for  12 
hours.  After  cooling  the  reaction  mixture  to  room  temperature,  25  ml  of  water  were  dropped  in  while  stirring, 

35  then  the  mixture  was  left  to  stand  at  5-10  °C  for  16  hours.  The  mixture  was  filtered,  the  precipitate  was 
suspended  twice  in  12  ml  of  ethanol  each  on  the  filter,  washed  with  water  3  times  and  dried  at  35-40  °C 
under  reduced  pressure. 

A  yield  of  11  g  (74.8  %)  was  obtained,  m.p.:  141-143  °C. 
After  combining  the  mother  liquor  with  the  washings,  350  ml  of  water  were  added,  the  pH  value  was 

40  adjusted  to  1-2  with  concentrated  hydrochloric  acid  and  the  mixture  was  allowed  to  stand  for  16  hours.  After 
filtering,  the  precipitate  was  washed  with  water. 

A  yield  of  0.5  g  (3.4  %)  was  obtained,  m.p.:  138-141  °C. 
Thus,  the  overall  yield  amounted  to  78.2  %. 
After  recrystallizing  a  small  sample  of  the  product  from  a  1:1  mixture  of  chloroform  and  methanol,  the 

45  melting  point  raised  to  142-144  °C. 
IR  (KBr):  1785,  1750  cmH  (CO). 
1H-NMR  (DMSO,  S  ppm):  1.58  (s,  3H,  CH3),  1.80  (s,  3H,  CH3),  3.24  (d,  2H,  CH2),  3.70  (s,  6H,  2  OCH3),  4.73 
(t,  1H,  CH),  6.73-6.88  (m,  3H,  aromatic). 

Analysis: 

Calculated:  C61.2;  H  6.16  %; 
Found:  C  60.9;  H  6.23  %. 

55 
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Example  2 

Preparation  of  5-(3,4-dlmethoxyphenylmethyl)-2,2-dlmethyl-1  ,3-dloxane-4,6-dlone 

5  After  adding  43.2  g  (0.3  mol)  of  Meldrum's  acid,  49.85  g  (0.3  mol)  of  veratraldehyde  and  25  ml  of  the 
mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in  Example  1,  to  200  ml  of  ethanol,  the 
solution  was  stirred  at  20-25  °C  for  40  minutes.  The  crystalline  precipitate  was  filtered,  washed  with  water 
and  ethanol  and  dried  at  35  °C  under  reduced  pressure  to  obtain  80.3  g  (91.6  %)  of  5- 
(3,4--dimethoxyphenylmethylene)-2,2-dimethyl-1  ,3-dioxane-4,6--dione,  m.p.:  173  °C. 

io  After  adding  14.6  g  (0.05  mol)  of  the  above  product  to  50  ml  of  the  mixture  of  formic  acid  and 
triethylamine  prepared  as  described  in  Example  1,  the  solution  was  stirred  at  45-50  °C  for  12  hours  and  the 
product  obtained  was  separated  as  described  in  Example  1  . 

A  yield  of  12.0  g  (81.5  %)  was  obtained. 
The  results  of  identification  of  the  end-product  are  in  agreement  with  those  given  in  Example  1  . 

15 
Example  3 

Preparation  of  5-(3,4,5-trlmethoxyphenylmethyl)-2,2-dlmethyl-1  ,3-dloxane-4,6-dlone 

20  A  reaction  mixture  containing  19.6  g  (0.1  mol)  of  3,4,5-trimethoxy-benzaldehyde,  14.4  g  (0.1  mol)  of 
Meldrum's  acid  and  100  ml  of  the  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in 
Example  1  ,  was  stirred  in  an  apparatus  equipped  with  a  mechanical  stirrer  at  room  temperature  for  6  days. 
After  adding  100  ml  of  water  cooled  to  0  °C,  the  pH  value  of  the  mixture  was  adjusted  to  1  with 
concentrated  hydrochloric  acid.  After  one  hour  the  product  was  filtered,  washed  with  water  and  dried. 

25  A  yield  of  23.7  g  (73.1  %)  was  achieved,  m.p.:  103.5-106  °C. 
500  ml  of  water  were  added  to  the  mother  liquor  combined  with  the  washings,  then  the  solution  was  left 

to  stand  at  5-10  °C  for  16  hours,  then  the  precipitate  was  filtered  and  washed  with  water. 
A  yield  of  1.6  g  (4.9  %)  was  obtained,  m.p.:  104-106  °C. 
The  overall  yield  amounted  to  78  %. 

30  2  g  of  the  above  product  were  dissolved  in  10  ml  of  acetone  at  room  temperature,  stirred  with  0.2  g  of 
activated  charcoal  for  30  minutes,  then  the  charcoal  was  filtered.  Water  was  dropwise  added  to  the  acetone 
filtrate  until  a  precipitate  began  to  fall  out.  After  standing  at  5-10  °C  overnight  the  mixture  was  filtered  and 
suspended  on  the  filter  with  a  1  :4  by  volume  mixture  of  acetone  and  water  to  give  1  .8  g  of  pure  product, 
m.p.:  105-106.5  °C. 

35  IR  (KBr):  1785,  1745  cmH  (CO). 
1H-NMR  (CDCI3,  S  ppm):  1.51  (s,  3H,  CH3),  1.75  (s,  3H,  CH3),  3.45  (d,  2H,  CH2),  3.75  (t,  1H,  CH), 

3.81  (s,  3H,  OCH3)  ,  3.85  (s,  6H,  2  OCH3),  6.56,  (s,  2H,  aryl). 

Example  4 
40 

Preparation  of  5-(4-methylphenylmethyl)-2,2-dlmethyl~1  ,3-dloxane-4,6-dlone 

A  reaction  mixture  containing  12  g  (11.8  ml,  0.1  mol)  of  p-methylbenzaldehyde,  14.4  g  (0.1  mol)  of 
Meldrum's  acid  and  100  ml  of  the  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in 

45  Example  1  ,  was  stirred  in  an  apparatus  equipped  with  a  stirrer  at  room  temperature  for  3  days.  The  product 
was  isolated  according  to  Example  3  and  a  small  sample  thereof  was  purified  as  described  in  Example  3. 

A  yield  of  1  7.9  g  (72.1  %)  was  obtained,  m.p.:  1  1  1  -1  1  2.5  °  C. 
The  quality  characteristics  of  the  purified  product  were  as  follows: 

M.p.:  111.5-112.5  °c. 
so  IR  (KBr):  1785,  1750  cmH  (CO). 

1H-NMR  (CDCI3,  S  ppm):  1.51  (s,  3H,  CH3),  1.75  (s,  3H,  CH3),  2.45  (s,  3H,  0-CH3)  ,  3.46  (d,  2H, 
CH2),  3.75  (t,  1H,  CH),  7.16  (m,  4H,  aromatic). 
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Example  5 

Preparation  of  5-(3-methoxy-4-hydroxyphenylmethyl)--2,2-dlmethyl-1  ,3-dloxane-4,6-dlone 

5  After  adding  50  ml  of  the  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in  Example  1  , 
to  a  mixture  of  7.6  g  (0.05  mol)  of  vanillin  and  7.2  g  (0.05  mmol)  of  Meldrum's  acid,  the  reaction  mixture 
was  stirred  at  room  temperature  for  7  days.  The  solution  was  then  stirred  with  1  g  of  activeted  charcoal  for 
30  minutes,  then  filtered  and  the  charcoal  was  washed  with  50  ml  of  acetone.  After  dropping  150  ml  of  cold 
water  under  stirring  to  the  acetone  washings  combined  with  the  filtrate,  the  solution  was  let  stand  at  5-10 

io  °C  for  16  hours,  then  filtered,  washed  with  water  and  dried.  A  yield  of  7.1  g  (50.7  %)  was  obtained,  m.p.: 
111-113  °C. 

The  mother  liquor  combined  with  the  washings  was  extracted  twice  with  150  ml  of  chloroform  each. 
After  washing  the  combined  chloroform  extract  with  100  ml  of  5  %  hydrochloric  acid,  the  chloroform  phase 
was  dried  over  anhydrous  sodium  sulfate  and  the  chloroform  was  evaporated  under  reduced  pressure.  The 

is  oily  distillation  residue  became  gradually  crystalline  at  room  temperature.  After  mixing  with  carbon 
tetrachloride,  it  was  filtered  and  washed  with  carbon  tetrachloride. 

A  yield  of  3.85  g  (27.5  %)  was  obtained,  m.p.:  103-106  °C. 
5  g  of  the  crude  product  were  dissolved  in  75  ml  of  methanol  at  room  temperature.  After  adding  0.5  g 

of  activated  charcoal,  it  was  stirred  for  30  minutes  and  then  filtered.  After  dropwise  adding  120  ml  of  cold 
20  water  to  the  filtrate,  the  mixture  was  maintained  at  5-10  °C  for  16  hours,  then  filtered,  suspended  in  a 

mixture  of  methanol  and  water  and  again  filtered  to  give  3.8  g  of  purified  product,  m.p.:  114-115.5  °C. 
IR  (KBr):  1795,  1750  cmH  (CO). 

1H-NMR  (DMSO,  S  ppm):  1.48  (s,  3H,  CH3),  1.73  (s,  3H,  CH3),  3.44  (d,  2H,  CH2),  3.74  (t,  1H,  CH), 
3.89  (s,  1H,  OH),  6.85  (m,  3H,  aromatic). 

25 
Example  6 

Preparation  of  5-(2-chlorophenylmethyl)-2,2-dlmethyl--1  ,3-dloxane-4,6-dlone 

30  A  mixture  containing  7  g  (5.6  ml,  0.05  mol)  of  2--chlorobenzaldehyde),  7.2  g  (0.05  mol)  of  Meldrum's 
acid  and  50  ml  of  the  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in  Example  1  ,  was 
stirred  in  a  bottle  equipped  with  a  mechanical  stirrer  for  8  hours,  maintained  at  room  temperature  for  16 
hours  and  then  slowly  poured  into  200  ml  of  ice-water.  After  adjusting  the  pH  value  to  1  by  adding 
hydrochloric  acid  of  1:1  dilution  the  mixture  was  filtered  and  the  precipitate  was  washed  with  water. 

35  A  yield  of  11.2  g  (83.4  %)  was  achieved,  m.p.:  123-127  °C. 
A  small  sample  of  the  above  product  was  recrystallized  twice  from  methanol  to  give  a  melting  point  of 

126.5-127.5  °C. 
IR  (KBr):  126.5-127.5  °C 

1H-NMR  (DMSO,  5  ppm):  1.69  (s,  3H,  CH3),  1.84  (s,  3H,  CH3),  3.88  (d,  2H,  CH2),  4.73  (t,  1H,  CH), 
40  7.29  (m,  4H,  aromatic). 

Example  7 

Preparation  of  5-benzyl-2,2-dlmethyl-1,3-dloxane-4,6~dlone 
45 

100  ml  of  a  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in  Example  1,  were  added 
to  the  mixture  of  10.6  g  (10.1  ml,  0.1  mol)  of  benzaldehyde  and  14.4  g  (0.1  mol)  of  Meldrum's  acid.  The 
reaction  mixture  spontaneously  warmed  to  35  °  C  and  the  exothermic  reaction  maintained  this  temperature 
for  3.5  hours.  The  mixture  was  stirred  for  additional  3  hours  while  the  reaction  mixture  cooled  to  room 

50  temperature.  The  mixture  was  maintained  at  this  temperature  for  16  hours,  then  poured  into  200  ml  of  ice- 
water.  After  adjusting  the  pH  value  to  1  with  hydrochloric  acid  of  1:1  dilution,  the  mixture  was  left  to  stand  at 
5-10  °C  for  16  hours,  then  filtered,  washed  with  water  and  dried. 

A  yield  of  18.7  g  (79.8  %)  was  obtained,  m.p.:  77-80  °C. 
After  two  recrystallisations  of  a  small  sample  of  this  product  from  a  mixture  of  methanol  and  water,  the 

55  melting  point  raised  to  80-81  °  C. 
The  melting  point  as  well  as  the  IR  and  1H-NMR  spectra  of  this  product  proved  to  be  identical  with 

those  described  in  the  literature  [Synth.  Commun.  16,  1701  (1986)]. 
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Example  8 

Preparation  of  5-(2-thlenylmethyl)-2,2-dlmethyl-1  ,3--dloxane-4,6-dlone 

5  After  adding  75  ml  of  a  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in  Example  1  , 
to  1  1  .9  g  (0.05  mol)  of  5-(2-thienylmethylene)-2,2-dimethyl-1  ,3--dioxane-4,6-dione,  the  reaction  mixture  was 
stirred  at  50-55  °C  for  12  hours.  After  stirring  the  reaction  mixture  with  1.2  g  of  activated  charcoal  at  50  °C 
for  15  minutes,  the  charcoal  was  filtered  out,  the  filtrate  was  cooled  to  room  temperature,  80  ml  of  water 
were  dropwise  added  and  the  mixture  was  let  stand  at  5-10  °C  for  16  hours.  Then  the  precipitate  was 

io  filtered  and  washed  with  water. 
A  yield  of  8.3  g  (69.1  %)  was  achieved,  m.p.:  94-96  °C. 
To  the  mother  liquor  combined  with  the  aqueous  washings  water  was  added  up  to  a  volume  of  500  ml 

and  the  mixture  was  allowed  to  stand  at  5-10  °C  for  2  days,  then  filtered  and  washed  with  water. 
An  additional  amount  of  1.5  g  (12.5  %)  of  the  aimed  product  were  obtained,  m.p.  93-96  °C. 

is  The  overall  yield  amounted  to  81.6  %. 
The  product  was  purified  by  using  an  acetone/water  mixture  as  described  in  Example  3  to  give  a 

substance  with  a  melting  point  of  95-97  °  C. 
The  IR  and  1H-NMR  spectra  of  this  product  were  identical  to  those  described  in  the  literature  [Khim. 

Get.  Soed.  1989,  1338;  the  literature  m.p.  is  97-98  °C]. 
20 

Example  9 

Preparation  of  5-cyclohexyl-2,2-dlmethyl-1,3-dloxane~4,6-dlone 

25  A  solution  containing  9.8  g  (10.5  ml,  0.1  mol)  of  cyclohexanone,  14.4  g  (0.1  mol)  of  Meldrum's  acid  and 
100  ml  of  a  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in  Example  1,  was  reacted  at 
room  temperature  for  2  days,  then  poured  into  200  ml  of  ice-water.  After  adjusting  the  pH  value  to  1  by 
adding  concentrated  hydrochloric  acid,  the  mixture  was  filtered  and  the  precipitate  was  washed  with  water. 

A  yield  of  13.35  g  (59.0  %)  was  obtained,  m.p.:  127-129  °C. 
30  A  small  sample  of  this  product  was  recrystallized  from  methanol  to  give  a  product  melting  at  129.5- 

131.5  °C. 
The  literature  m.p.  is  130-131  °C. 
The  IR  and  1H-NMR  spectra  of  the  product  proved  to  be  identical  with  those  described  in  the  literature 

[Synth.  Commun.  16,  1701  (1986)]. 
35 

Example  10 

Preparation  of  5-lsopropyl-2,2-dlmethyl-1,3-dloxane--4,6-dlone 

40  A  solution  containing  5.8  g  (7.5  ml,  0.1  mol)  of  acetone,  7.2  g  (0.05  mol)  of  Meldrum's  acid  and  25  ml  of 
a  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in  Example  1,  was  maintained  at  room 
temperature  for  6  days.  After  dropwise  adding  40  ml  of  water,  the  reaction  mixture  was  let  stand  at  5-10  °C 
for  16  hours,  then  filtered  and  the  precipitate  was  washed  3  times  with  water. 

A  yield  of  2.75  g  (29.9  %)  was  obtained,  m.p.:  103.5-104  °C. 
45  The  IR  and  1H-NMR  spectra  of  the  product  proved  to  be  identical  with  those  described  in  the  literature 

[Synth.  Commun.  16,  1701  (1986)];  the  literature  m.p.  is  104-105  °C]. 

Example  11 

50  Preparation  of  5-lsobutyl-2,2-dlmethyl-1,3-dloxane~4,6-dlone 

A  solution  containing  7.2  g  (9.1  ml,  0.1  mol)  of  isobutyraldehyde,  14.4  g  of  Meldrum's  acid  and  100  ml 
of  a  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in  Example  1,  was  stirred  at  room 
temperature  for  24  hours.  The  mixture  was  then  poured  into  200  ml  of  ice-water,  the  pH  value  was  adjusted 

55  to  1  by  adding  concentrated  hydrochloric  acid  and  the  mixture  was  left  to  crystallize  at  5  °C  for  16  hours. 
After  filtration,  the  precipitate  was  washed  3  times  with  water. 

A  yield  of  10.8  g  (53.9  %)  was  obtained,  m.p.:  120-126  °C. 
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A  small  sample  of  the  product  was  dissolved  in  acetone,  clarifified,  and  water  was  dropwise  added.  The 
precipitate  was  filtered  and  recrystallized  from  boiling  methanol,  m.p.:  125.5-126.5  °C. 

The  literature  m.p.  is  119-120  °C. 
The  IR  and  1H-NMR  spectra  of  the  product  proved  to  be  identical  with  those  described  in  the  literature 

5  [Synth.  Commun.  16,  1701  (1986)]. 

Example  12 

Preparation  of  5-[2-(1  -ethoxycarbonyl)propyl]-2,2~dlmethyl-1  ,3-dloxane-4,6-dlone 
10 

A  solution  containing  26  g  (25.5  ml,  0.2  mol)  of  ethyl  acetoacetate,  28.8  g  (0.2  mol)  of  Meldrum's  acid 
and  200  ml  of  a  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in  Example  1  ,  was  let  stand 
for  one  week.  Subsequently,  700  ml  of  water  were  dropwise  added,  then  the  precipitate  was  filtered  and 
washed  with  water. 

15  A  yield  of  14.65  g  (28.4  %)  was  achieved,  m.p.:  92-93  °C. 
After  recrystallizing  a  small  sample  of  the  above  product  from  a  mixture  of  acetone  and  water  as 

described  in  Example  3,  the  melting  point  raised  to  94-94.5  °  C. 
IR  (KBr):  1775,  1735  cmH  (CO). 

1H-NMR  (CDCI3,  S  ppm):  1.15  (d,  3H,  CH3),  1.28  (t,  3H,  CH3),  1.78  (s,  3H,  CH3)  ,  1.80  (s,  3H,  CH3), 
20  2.54  (m,  1H,  CH),  3.00  (m,  2H,  CH2),  4.15  (m,  3H,  CH2  and  CH) 

Example  13 

Preparation  of  5-(3,4-dlmethoxyphenylmethyl)-2-phenyl~1  ,3-dloxane-4,6-dlone 
25 

After  stirring  3.4  g  (0.01  mol)  of  5-(3,4-dimethoxyphenylmethylene)-2-phenyl-1  ,3-dioxane-4,6-dione 
(m.p.:  198--200  °C)  with  10  ml  of  a  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in 
Example  1,  at  45-50  °C  for  13  hours,  the  reaction  mixture  was  cooled  down,  20  ml  of  water  were  added, 
then  the  precipitate  was  filtered  and  washed  with  cold  water. 

30  A  yield  of  2.7  g  (78.9  %)  was  achieved,  m.p.:  158-161  °C. 
A  small  sample  of  the  product  was  purified  as  described  in  Example  3  to  give  a  product  melting  at  162- 

164  'C.  IR  (KBr):  1800,  1765  cmH  (CO) 
1H-NMR  (DMSO,  S  ppm):  3.20  (d,  2H,  CH2),  3.72  (s,  3H,  OCH3),  3.78  (s,  3H,  OCH3),  4.85  (t,  1H,  CH), 

6.89-7.55  (m,  9H) 
35 

Example  14 

Preparation  of  5-(2-thlenylmethyl)-2-phenyl-1  ,3-dloxane-4,6-dlone 

40  After  stirring  3.6  g  (0.0125  mol)  of  5-(2-thienylmethylene)-2-phenyl-1  ,3-dioxane-4,6-dione  (m.p.:  165-166 
°C)  with  12.5  ml  of  a  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in  Example  1,  at  45- 
50  °C  for  10  hours,  the  reaction  mixture  was  cooled  down,  2  ml  of  water  were  dropwise  added  and  the 
mixture  was  maintained  at  5-10  °C  for  16  hours,  then  filtered  and  washed  with  water. 

A  yield  of  2.95  g  (81.9  %)  was  obtained,  m.p.:  161-164  °C. 
45  After  recrystallizing  a  small  sample  of  the  above  product  according  to  Example  3,  the  melting  point  was 

raised  to  166-167  °C. 
IR  (KBr):  1800,  1750  cmH  (CO) 

1H-NMR  (DMSO,  S  ppm):  3.50  (d,  2H,  CH2),  4.90  (t,  1H,  CH),  6.95-7.55  (m,  9H) 

50  Example  15 

Preparation  of  5-(3,4-dlmethoxyphenylmethyl)-2,2-pentamethylene-1  ,3-dloxane-4,6-dlone 

After  stirring  4.15  g  (0.025  mol)  of  veratraldehyde  with  4.6  g  (0.025  mol)  of  2,2-pentamethylene-1  ,3- 
55  dioxane~4,6-dione  and  25  ml  of  a  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in 

Example  1,  at  45-50  °C  for  12  hours,  the  mixture  was  cooled  down,  7  ml  of  water  were  dropwise  added  and 
the  mixture  was  maintained  at  5-10  °C  for  16  hours,  then  the  precipitate  was  filtered  and  washed  with 
water. 
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A  yield  of  7.2  g  (86.1  %)  was  achieved,  m.p.:  139-142  °C. 
Purification  of  a  small  sample  of  the  above  product  according  to  Example  3  raised  the  melting  point  to 

143-144.5  °C. 
IR  (KBr)  :  1780,  1745  cmH  (CO). 

5  1H-NMR  (CDCb,  S  ppm):  1.60  (m,  10H,  5CH2),  3.44  (d,  2H,  CH2),  3.75  (t,  1H,  CH),  6.84  (m,  3H, 
aromatic). 

Example  16 

70  Preparation  of  5-cyclohexyl-2,2-pentamethylene-1,3-dloxane-4,6-dlone 

A  solution  containing  4.9  g  (5.2  ml,  0.05  mol)  of  cyclohexanone,  4.6  g  (0.025  mol)  of  2,2- 
pentamethylene-1  ,3~dioxane-4,6-dioneand  50  ml  of  a  mixture  of  formic  acid  and  triethylamine,  prepared  as 
described  in  Example  1,  was  stirred  at  room  temperature  for  13  days,  then  50  ml  of  water  were  added  to 

15  the  reaction  mixture,  which  was  then  maintained  at  5-10  °C  for  16  hours,  filtered  and  washed. 
A  yield  of  4.6  g  (69.1  %)  was  achieved,  m.p.:  137-139  °C. 
Purification  of  a  small  sample  of  the  above  product  according  to  Example  3  raised  the  melting  point  to 

138.5-140  °C. 
IR  (KBr):  1780,  1740  cmH  (CO). 

20  1  H-NMR  (CDCb  ,  S  pp,):  1  .1  5-2.41  (m,  21  H),  3.35  (d,  1  H). 

Example  17 

Preparation  of  5-(3,4-dlmethoxyphenylmethyl)-2-methyl-2-ethyl-1  ,3-dloxane-4,6-dlone 
25 

After  stirring  15.8  g  (0.1  mol)  of  2-methyl-2-ethyl-1  ,3-dioxane-4,6-dione  with  16.6  g  (0.1  mol)  of 
veratraldehyde  and  100  ml  of  a  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in  Example 
1,  at  45-50  °C  for  12  hours,  the  reaction  mixture  was  worked  up  as  described  in  Example  1.  The  crude 
product  was  crystallized  from  a  mixture  of  acetone  and  water  as  described  in  Example  3. 

30  A  yield  of  23.1  g  (74.9  %)  was  obtained,  m.p.:  1  1  0-1  1  1  0  C. 
IR  (KBr):  1785,  1745  cmH  (CO). 

Example  18 

35  Preparation  of  5-(2-butyl)-2,2-dlmethyl-1,3-dloxane-4,6-dlone 

After  maintaining  a  solution  containing  36.05  g  (44.8  ml,  0.5  mol)  of  methyl  ethyl  ketone,  14.4  g  (0.1 
mol)  of  Meldrum's  acid  and  100  ml  of  a  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in 
Example  1,  at  room  temperature  for  9  days,  300  ml  of  water  were  added,  the  pH  value  was  adjusted  to  1  by 

40  adding  concentrated  hydrochloric  acid,  then  the  precipitate  was  filtered  and  washed  with  water. 
A  yield  of  3.95  g  (19.7  %)  was  obtained,  m.p.:  76-80  °C. 
The  mother  liquor  combined  with  the  aqueous  washings  was  extracted  3  times  with  130  ml  of 

chloroform  each.  The  combined  chloroform  extract  was  dried  over  anhydrous  sodium  sulfate  and  filtered. 
The  chloroform  filtrate  was  evaporated  under  reduced  pressure  until  it  became  free  of  chloroform.  After 

45  adding  20  ml  of  ether  to  the  evaporation  residue,  the  mixture  was  let  crystallize  at  0  °C  for  16  hours,  then 
the  crystals  were  filtered  and  washed  with  ether. 

The  title  compound  was  obtained,  m.p.:  78-80.5  °C. 
The  overall  yield  amounted  to  40.2  %. 
Recrystallization  of  a  small  sample  according  to  Example  3  raised  the  melting  point  to  80.0-80.5  0  C. 

50  The  literature  melting  point  is  79-80  °C  [Tetrahedron  Lett.  24,  4951  (1983)]. 
IR  (KBr):  1780,  1735  cmH  (CO).  ~~ 

1  H-NMR  (CDCb  ,8  ppm):  0.95  ppm  (t,  3H,  CH3),  1.11  ppm  (d,  3H,  CH3),  1.64  ppm  (m,  2H,  CH2),  1.76 
ppm  (s,  CH2,  2CH3),  2.30  ppm  (m,  1H,  CH),  3.44  ppm  (d,  1H,  CH) 
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Example  19 

Preparation  of  5-(3,4-dlmethoxyphenylmethyl)-2,2-dlmethyl-1  ,3-dloxane-4,6-dlone 

5  The  process  of  Example  1  was  followed,  except  that  the  reaction  was  carried  out  at  70  °C  for  4  hours. 
The  title  compound  was  obtained,  m.p.:  137-140  °C. 
The  IR  and  1  H-NMR  spectra  of  the  product  proved  to  be  identical  with  that  of  the  compound  prepared  in 

Example  1  . 

w  Example  20 

Preparation  of  5-(3,4-dlmethoxyphenylmethyl)-2,2-dlmethyl-1  ,3-dloxane-4,6-dlone 

A  solution  containing  4.15  g  (0.025  mol)  of  vetratraldehyde,  3.6  g  (0.025  mol)  of  Meldrum's  acid  and  3.1 
is  ml  of  a  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in  Example  1,  in  20  ml  of 

chloroform  was  boiled  under  reflux  for  6  hours.  After  cooling  the  reaction  mixture  to  room  temperature,  50 
ml  of  water  were  added  and  the  pH  value  was  adjusted  to  1  by  adding  concentrated  hydrochloric  acid.  The 
phases  were  separated  and  the  aqueous  layer  was  extracted  with  25  ml  of  chloroform.  The  combined 
chloroform  phase  was  evaporated  under  reduced  pressure  and  after  adding  10  ml  of  ethanol  to  the 

20  evaporation  residue,  the  mixture  was  maintained  at  5  °C  for  16  hours.  The  crystalline  precipitate  was 
filtered  and  washed  with  ethanol  to  give  3.7  g  of  product  which,  based  on  thin-layer  chromatography  and 
infrared  spectrocopical  examinations,  was  shown  to  be  the  mixture  of  two  compounds,  namely  5-(3,4- 
dimethoxyphenylmethyl)-2,2-dimethyl-1  ,3-dioxane-4,6-dione  and  5-(3,4-dimethoxyphenylmethylene)-2,2- 
dimethyl-1  ,3-dioxane-4,6-dione.  The  components  of  this  mixture  were  separated  by  fractional  crystallization 

25  from  a  mixture  of  chloroform  and  methanol. 
The  product  had  a 

m.p.:  140-143  °C. 
The  IR  spectrum  of  this  product  proved  to  be  identical  with  that  of  the  compound  prepared  according  to 

Example  1  . 
30 

Example  21 

Preparation  of  5-(3,4-dlmethoxypnenylmethyl)-2,2-dlmethyl-1  ,3-dloxane-4,6-dlone 

35  After  dropwise  adding  9.5  g  (9.65  ml,  0.12  mol)  of  pyridine  to  13.8  g  (11.3  ml,  0.3  mol)  of  formic  acid 
under  cooling  and  stirring,  7.3  g  (0.025  mol)  of  5-(3,4-dimethoxy-phenylmethylene)-2,2-dimethyl-1  ,3- 
dioxane-4,6-dione  were  added  to  the  reaction  mixture  which  was  stirred  at  45-50  °C  for  33  hours,  then 
cooled  down  to  room  temperature.  After  adding  50  ml  of  ice-water,  the  pH  value  was  adjusted  to  1  by 
adding  concentrated  hydrochloric  acid.  The  precipitate  was  filtered  and  washed  with  water  to  give  6.2  g  of 

40  product,  which  proved  to  be  the  mixture  of  the  starting  substance  and  the  aimed  product  on  the  basis  of  its 
chromatographical  and  infrared  spectrocopical  examination.  The  aimed  product  was  obtained  by  fractional 
crystallization  from  a  mixture  of  chloroform  and  methanol. 
M.p.:  139-142  'C. 

The  IR  spectrum  of  this  product  proved  to  be  identical  with  that  of  the  compound  prepared  in  Example 
45  1  . 

Example  22 

Preparation  of  5-dl(ethoxycarbonyl)methyl-2,2-dlmethyl-1  ,3-dloxane-4,6-dlone 
50 

A  solution  containing  17.4  g  (15.5  ml,  0.1  mol)  of  diethyl  mesoxalate,  14.4  g  (0.1  mol)  of  Meldrum's  acid 
and  100  ml  of  a  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in  Example  1,  was 
maintained  at  room  temperature  for  13  days.  Subsequently,  150  ml  of  water  were  added  and  the  mixture 
was  left  to  stand  at  5-10  °C  for  16  hours.  The  precipitate  was  filtered  and  washed  with  water. 

55  A  yield  of  19.5  g  (64.5  %)  was  obtained,  m.p.:  114-117  °C. 
The  mother  liquor  combined  with  the  washings  was  adjusted  to  pH  1  with  hydrochloric  acid  and 

extracted  3  times  with  100  ml  of  cloroform  each.  After  evaporating  the  chloroform  under  reduced  pressure, 
10  ml  of  diethyl  ether  were  added  to  the  residue  and  the  mixture  was  maintained  at  0  °C  for  16  hours,  then 
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filtered  and  the  precipitate  was  washed  with  ether. 
A  yield  of  3.75  g  (1  2.4  %)  was  achieved,  m.p.:  1  1  2-1  1  6  °  C. 
An  overall  yield  of  23.25  g  (76.9  %)  was  obtained. 
Recrystallization  of  a  small  sample  of  the  product  according  to  Example  3  raised  the  melting  point  to 

5  118.5-119  °C. 
IR  (KBr):  1740  cmH  (CO). 

1  H-NMR  (CDCb,  S  ppm):  1.30  (t,  6H,  2CH3),  1.83  (s,  6H,  2CH3),  4.28  (m,  6H,  2CH2  and  2CH). 

Example  23 
10 

Preparation  of  5-(2-  or  4-nltrophenylmethyl)-2,2-dlmethyl-1,3-dloxane-4,6-dlone 

A  solution  containing  7.56  g  (0.05  mol)  of  2-  or  4-nitrobenzaldehyde,  7.2  g  (0.05  mol)  of  Meldrum's  acid 
and  25  ml  of  a  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in  Example  1,  was 

is  maintained  at  45-50  °C  for  12  hours,  then  cooled  to  room  temperature.  After  adding  50  ml  of  water,  the 
mixture  was  left  to  stand  at  5-10  °C  for  16  hours,  then  filtered  and  the  precipitate  was  washed  with  water. 

A  yield  of  11  g  (78.8  %)  was  achieved,  m.p.:  139-143  °C. 
Recrystallization  of  a  small  sample  of  this  product  raised  the  melting  point  to  144-146  °C. 

IR  (KBr):  1780,  1730  cmH  (CO). 
20  1  H-NMR  (CDCb,  S  ppm):  1.66  (s,  3H,  CH3),  1.79  (s,  3H,  CH3),  3.58  (d,  2H,  CH2),  3.84  (t,  1H,  CH), 

7.58-8.14  (m,  4H,  aromatic). 

Example  24 

25  Preparation  of  5-clnnamyl-2,2-dlmethyl-1,3-dloxane~4,6-dlone 

After  adding  6.6  g  (6.3  ml,  0.05  mol)  of  cinnamaldehyde  and  7.2  g  (0.05  mol)  of  Meldrum's  acid  to  25 
ml  of  a  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in  Example  1  ,  the  reaction  mixture 
was  maintained  at  45-50  °C  for  12  hours.  After  cooling  to  room  temperature,  100  ml  of  water  were  added 

30  and  the  pH  value  was  adjusted  to  1  by  adding  concentrated  hydrochloric  acid.  The  mixture  was  maintained 
at  5-10  °C  for  16  hours,  then  the  liquid  phase  was  decanted  from  the  product  precipitated  in  plastic  form. 
Subsequently,  the  plastic  substance  was  dissolved  in  acetone  at  room  temperature  and,  after  adding  1  g  of 
activated  charcoal,  it  was  stirred  for  1  hour,  then  the  charcoal  was  filtered.  Water  was  dropwise  added  to  the 
filtrate  until  permanent  opalization,  then  the  mixture  was  left  to  stand  at  5-10  °C  for  7  days.  The  crystalline 

35  precipitate  was  filtered  and  washed  with  water. 
A  yield  of  8.55  g  (65.7  %)  was  obtained,  m.p.:  103-107  °C. 
A  small  sample  of  this  product  was  recrystallized  twice  from  a  mixture  of  acetone  and  water  according 

to  Examle  3  to  give  the  aimed  compound  with  a  melting  point  of  109-110  °C.  The  literature  melting  point  is 
108-109  °C  [Tetrahedron  Lett.  25,  2325  (1979)]. 

40  The  1  H-NMR  spectrum  of  this  product  proved  to  be  identical  with  that  known  in  the  literature. 

Example  25 

Preparation  of  5-methoxycarbonylmethyl-2,2-dlmethyl-1  ,3-dloxane-4,6-dlone 
45 

A  solution  containing  8.8  g  (0.1  mol)  of  methyl  glyoxalate,  14.4  g  (0.1  mol)  of  Meldrum's  acid  and  100 
ml  of  a  mixture  of  formic  acid  and  triethyl-amine,  prepared  as  described  in  Example  1  ,  was  maintained  at 
room  temperature  for  13  days,  then  poured  into  300  ml  of  ice-water.  The  pH  value  was  adjusted  to  2  by 
adding  concentrated  hydrochloric  acid,  then  the  mixture  was  extracted  twice  with  200  ml  of  chloroform 

50  each.  After  drying  the  combined  chloroform  phase  over  anhydrous  sodium  sulfate  and  filtering  the  drying 
agent,  the  filtrate  was  evaporated  under  reduced  pressure  until  it  became  chloroform-free.  After  adding  25 
ml  of  diethyl  ether  to  the  honeylike  evaporation  residue,  the  mixture  was  left  to  stand  at  5-10  °C  for  3  days. 
The  crystalline  precipitate  was  filtered  and  washed  with  ether,  then  with  ethyl  acetate. 

M.P.:  106-109  °C. 
55  Recrystallization  of  a  small  sample  of  the  product  from  acetone  raised  the  melting  point  to  111-112  °C. 

IR  (KBr):  1780,  1740  cmH  (CO). 
1  H-NMR  (CDCb,  S  ppm):  1.83  (s,  6H,  2CH3),  3.18  (d,  2H,  CH2),  3.74  (s,  3H,  CH3)  ,  3.83  (t,  1H,  CH). 
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Example  26 

Preparation  of  5-(3,4-dlmethoxyphenylmethyl)-2,2-dlmethyl-1  ,3-dloxane-4,6-dlone 

5  After  stirring  4.15  g  (0.025  mol)  of  veratraldehyde  with  3.6  g  (0.025  mol)  of  Meldrum's  acid,  25  ml  of 
dimethylformamide  and  6.25  ml  of  a  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in 
Example  1,  at  45-50  °C  for  12  hours,  the  reaction  mixture  was  cooled  to  room  temperature,  75  ml  of  water 
cooled  to  0  °C  were  added  and  the  pH  value  was  adjusted  to  1  by  adding  concentrated  hydrochloric  acid. 
After  maintaining  at  5-10  °C  for  16  hours,  the  precipitate  was  filtered  and  washed  with  water. 

w  A  yield  of  5.85  g  (79.5  %)  was  obtained,  m.p.:  139-142  °C. 
The  IR  spectrum  of  this  product  proved  to  be  identical  with  that  of  the  compound  prepared  in  Example 

1. 

Example  27 
15 

Preparation  of  5-(3,4-dlmethoxyphenylmethyl)-2,2-dlmethyl-1  ,3-dloxane-4,6-dlone 

A  reaction  mixture  containing  7.3  g  (0.025  mol)  of  5-(3,4-dimethoxyphenylmethylene)-2,2-dimethyl-1  ,3- 
dioxane-4,6~dione,  20  ml  of  acetonitrile  and  2.1  ml  of  a  mixture  of  formic  acid  and  triethylamine,  prepared 

20  as  described  in  Example  1,  was  maintained  at  45-50  °C  for  12  hours.  Subsequently  the  acetonitrile  was 
distilled  off  under  reduced  pressure.  After  adding  50  ml  of  ice-water  to  the  residue,  the  pH  value  was 
adjusted  to  1  by  adding  concentrated  hydrochloric  acid.  The  mixture  was  maintained  at  5-10  °C  for  16 
hours,  then  filtered  and  the  precipitate  was  washed  with  water. 

A  yield  of  6.86  g  (93.2  %)  was  obtained,  m.p.:  137-141  °C. 
25  Based  on  thin-layer  chromatography  and  infrared  spectroscopical  examination,  the  product  contained 

about  10  %  of  starting  substance  as  contamination. 

Example  28 

30  Preparation  of  5-(3,4-dlmethoxyphenylmethyl)-2,2-dlmethyl-1,3-dloxane-4,6-dlone 

A  reaction  mixture  containing  4.15  g  (0.025  mol)  of  veratraldehyde,  3.6  g  (0.025  mol)  of  Meldrum's  acid, 
20  ml  of  dimethylformamide,  1.73  g  (1.4  ml,  0.0375  mol)  of  formic  acid  and  0.13  g  (0.18  ml,  0.00125  mol)  of 
triethylamine  was  heated  at  45-50  °C  for  12  hours,  then  cooled  to  room  temperature  and  filtered.  Thus,  2.5 

35  g  of  a  product  with  a  melting  point  of  172-174  °C  were  obtained  which  proved  to  be  5-(3,4-dimethox- 
yphenylmethylene)-2,2-dimethyl-1  ,3-dioxane-4,6-dione  on  the  basis  of  thin-layer  chromatography  and  in- 
frared  spectroscopical  investigation.  After  adding  50  ml  of  water  to  the  filtrate,  maintaining  it  at  5-10  °C  for 
16  hours  and  filtering,  2.6  g  of  a  product  were  obtained  which  was  found  to  be  a  mixture  of  5-(3,4- 
dimethoxyphenylmethyl)-2,2-dimethyl-1  ,3-dioxane-4,6-dione  and  5-(3,4-dimethoxyphenylmethylene)-2,2- 

40  dimethyl-1  ,3-dioxane-4,6-dione.  The  aimed  product  was  obtained  by  fractional  crystallization  from  a  mixture 
of  chloroform  and  methanol. 

M.p.:  140-143  °C. 
The  last  product  proved  to  be  identical  with  the  compound  prepared  according  to  Example  1  on  the 

basis  of  thin-layer  chromatography  and  infrared  spectroscopical  examination. 
45 

Example  29 

Preparation  of  5-(3,4-dlmethoxyphenylmethyl)-2,2-dlmethyl-1  ,3-dloxane-4,6-dlone 

50  4.15  g  (0.025  mol)  of  veratraldehyde  were  reacted  with  3.6  g  (0.025  mol)  of  Meldrum's  acid,  20  ml  of 
ethanol  and  6.25  ml  of  a  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in  Example  1  ,  in 
such  a  way  that  the  temperature  of  the  reaction  mixture  was  increased  to  45-50  °  C  during  30  minutes  and 
the  mixture  was  stirred  at  the  same  temperature  for  25  hours.  After  cooling  to  room  temperature  and 
maintaining  at  this  temperature  for  16  hours,  the  reaction  mixture  was  filtered,  then  the  precipitate  was 

55  washed  with  ethanol  on  the  filter  and  dried.  The  product  filtered  out  weighed  1.3  g  and  melted  at  170-171.5 
°C.  Based  on  its  infrared  spectrum,  this  product  proved  to  be  5-(3,4-dimethoxyphenylmethylene)-2,2- 
dimethyl-1  ,3-dioxane-4,6-dione. 

15 
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The  ethanol  content  of  the  mother  liquor  combined  with  the  ethanolic  washings  was  removed  by 
evaporation  under  reduced  pressure.  50  ml  of  water  were  added  to  the  evaporation  residue,  the  pH  value 
was  adjusted  to  1  by  adding  hydrochloric  acid  of  1:1  dilution  and  the  mixture  obtained  was  maintained  at  5 
°C  for  16  hours.  The  crystalline  precipitate  was  filtered  and  washed  on  the  filter  with  water.  The  wet  product 

5  weighing  5.3  g  was  dissolved  in  60  ml  of  acetone  at  room  temerature,  then  stirred  with  0.3  g  of  activated 
charcoal  at  room  temperature  for  30  minutes.  After  removing  the  charcoal  by  filtration,  the  filtrate  was 
cooled  to  5  °C,  120  ml  of  water  were  added  dropwise  under  cooling  and  then  the  solution  was  left  to  stand 
at  5  °C  for  16  hours.  After  filtering,  the  crystalline  precipitate  was  washed  with  an  acetone/water  mixture  of 
1:2  volume  ratio  and  dried. 

w  A  yield  of  2.65  g  (36  %)  was  obtained,  m.p.:  140-143  °C. 
The  infrared  spectrum  of  the  product  proved  to  be  identical  with  that  of  the  compound  prepared 

according  to  Example  1  . 

Example  30 
15 

Preparation  of  5-(4-methylthlophenylmethyl)-2,2-dlmethyl-1  ,3-dloxane-4,6-dlone 

After  adding  7.2  g  (0.05  mol)  of  Meldrum's  acid  and  7.6  g  (6.5  ml,  0.05  mol)  of  4-methylthiobenzal- 
dehyde  to  25  ml  of  a  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in  Example  1,  the 

20  reaction  mixture  was  maintained  at  room  temperature  for  7  days,  then  50  ml  of  water  were  added  and  the 
mixture  was  left  to  stand  at  5  °  C  for  24  hours.  The  precipitate  was  filtered  and  washed  with  water.  The  wet 
product  was  dissolved  in  150  ml  of  acetone  at  room  temperature  and  stirred  with  1  g  of  activated  charcoal 
for  30  minutes.  After  removing  the  charcoal  by  filtration,  100  ml  of  water  were  dropped  to  the  filtrate.  The 
mixture  was  maintained  at  5  °  C  for  24  hours,  then  filtered  and  washed  with  a  mixture  of  acetone  and  water. 

25  The  precipitate  obtained  by  adding  additional  water  to  the  mother  liquor  was  filtered  and  repeatedly  purified 
as  described  above. 

A  yield  of  10.4  g  (74.2  %)  was  obtained,  m.p.:  91-92  °C. 
IR  (KBr):  1790,  1745  cmH  (CO). 

1  H-NMR  (CDCb,  S  ppm):  1.54  (s,  3H,  CH3),  1.73  (s,  3H,  CH3),  2.44  (s,  3H,  SCH3),  3.44  (d,  2H,  CH2), 
30  3.74  (t,  1H,  CH),  7.20  (m,  4H,  aromatic). 

Example  31 

Preparation  of  5-(4-dlmethylamlnophenylmethyl)-2,2--dlmethyl-1,3-dloxane-4,6-dlone 
35 

After  adding  25  ml  of  dimethylformamide  and  6.9  g  (0.025  mol)  of  5-(4-dimethylaminophenylmethylene)- 
2,2-dimethyl-1  ,3-dioxane-4,6-dione  to  25  ml  of  a  mixture  of  formic  acid  and  triethylamine,  prepared  as 
described  in  Example  1,  the  reaction  mixture  was  stirred  at  room  temperature  for  1  week,  then  100  ml  of 
water  were  added  and  the  mixture  was  extracted  3  times  with  100  ml  of  chloroform  each.  The  combined 

40  chloroform  phase  was  washed  with  50  ml  of  saturated  saline  solution.  The  organic  phase  was  dried  over 
anhydrous  sodium  sulfate  and  after  filtering  out  the  drying  agent,  the  solution  was  concentrated  to  20  ml 
under  reduced  pressure.  After  adding  60  ml  of  petroleum  ether  to  the  residue  the  mixture  was  left  to  stand 
at  -10  °C  for  7  days.  After  filtration  the  crystals  were  washed  with  petroleum  ether,  dried  and  recrystallized 
from  a  mixture  of  acetone  and  ethanol. 

45  A  yield  of  2.15  g  (31.0  %)  was  obtained,  m.p.:  108.5--109.5  °C. 
IR  (KBr):  1795,  1755  cmH  (CO). 

1  H-NMR  (S  ppm):  1.45  (s,  3H,  CH3),  1.71  (s,  3H,  CH3),  2.91  (s,  6H,  N(CH3)2),  3.41  (d,  2H,  CH2),  3.71 
(t,  1H,  CH),  6.66  and  7.19  (m,  4H,  aromatic). 

so  Example  32 

Preparation  of  5-cyclopentyl-2,2-dlmethyl-1  ,3-dloxane--4,6-dlone 

A  reaction  mixture  containing  14.4  g  (0.1  mol)  of  Meldrum's  acid,  8.4  g  (8.9  ml,  0.10  mol)  of 
55  cyclopentanone,  50  ml  of  a  mixture  of  formic  acid  and  triethylamine,  prepared  as  described  in  Example  1  , 

and  0.2  ml  of  piperidine  was  maintained  at  room  temperature  for  7  days,  then  100  ml  of  water  were  added 
and  the  mixture  was  maintained  at  5  °C  for  1  day.  The  crystalline  precipitate  was  filtered,  washed  with 
water  and  dried  at  room  temperature  under  reduced  pressure. 

16 
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Thus,  12.2  g  of  product  were  obtained,  which  proved  to  be  the  mixture  of  5-cyclopentylidene-  and  5- 
cyclopentyl-2,2--dimethyl-1  ,3-dioxane-4,6-dione  on  the  basis  of  thin-layer  chromatography  and  infrared 
spectroscopical  investigation.  After  dissolving  this  crude  product  in  acetone,  the  two  components  were 
separated  by  fractional  precipitation  with  water. 

5  M.p.:  99-100 
•C.  The  literature  m.p.  is  92-93  °C  [Tetrahedron  Lett.  24,  4951  (1983)]. 
IR  (KBr):  1780,  1760  cmH  (CO).  ~~ 

1  H-NMR  (CDCb,  S  ppm):  1.76  (m,  14H),  2.70  (m,  1H),  3.60  (d,  1H). 

w  Example  33 

Preparation  of  5-(3,4-dlmethoxyphenylmethyl)-2,2-dlmethyl-1  ,3-dloxane-4,6-dlone 

After  dropwise  adding  27.2  g  (33.1  ml,  0.24  mol)  of  N-ethylpiperidine  to  27.6  g  (22.6  ml,  0.6  mol)  of 
is  formic  acid  under  stirring  and  cooling,  7.2  g  (0.05  mol)  of  Meldrum's  acid  and  8.3  g  (0.05  mol)  of 

veratraldehyde  were  added  to  the  above  mixture,  then  the  procedure  described  in  Example  1  was  followed. 
A  yield  of  11.55  g  (78.5  %)  was  obtained,  m.p.:  141-143  °C. 
The  infrared  spectrum  of  this  product  proved  to  be  identical  with  that  of  the  compound  prepared 

according  to  Example  1  . 
20 

Example  34 

Preparation  of  5-(3,4-dlmethoxyphenylmethyl)-2,2-dlmethyl-1  ,3-dloxane-4,6-dlone 

25  After  dropwise  adding  2.55  g  (3  ml,  0.03  mol)  of  piperidine  to  a  mixture  of  5.75  g  (4.7  ml,  0.125  mol)  of 
formic  acid  and  25  ml  of  dimethylformamide,  4.15  g  (0.025  mol)  of  veratraldehyde  and  3.6  g  (0.025  mol)  of 
Meldrum's  acid  were  added.  The  reaction  mixture  was  stirred  at  room  temperature  for  30  minutes,  then 
heated  to  45  °C  during  30  minutes  and  stirred  at  45-50  °C  for  12  hours.  After  cooling  the  reaction  mixture 
to  room  temperature,  75  ml  of  water  of  0  °  C  temperature  were  added  and  the  pH  value  was  adjusted  to  1 

30  by  adding  hydrochloric  acid  of  1:1  dilution.  The  mixture  was  maintained  at  5  °C  for  24  hours,  then  the 
crystalline  precipitate  was  filtered  and  washed  with  water. 

A  yield  of  4.70  g  (63.9  %)  was  obtained,  m.p.:  139-141  °C. 
Based  on  its  infrared  spectrum,  this  product  proved  to  be  identical  with  the  compound  prepared 

according  to  Example  1  . 
35 

Example  35 

Preparation  of  5-(3,4-dlmethoxyphenylmethyl)-2,2-dlmethyl-1  ,3-dloxane-4,6-dlone 

40  After  dropwise  adding  17.55  g  (25  ml,  0.24  mol)  of  diethylamine  to  27.6  g  (22  ml,  0.6  mol)  of  formic 
acid  while  stirring  and  cooling,  7.2  g  (0.05  mol)  of  Meldrum's  acid  and  8.3  g  (0.05  mol)  of  veratraldehyde 
were  added  to  the  above  mixture.  The  reaction  mixture  was  stirred  at  room  temperature  for  30  minutes, 
then  warmed  to  45-50  °C  during  30  minutes  and  maintained  at  45-50  °C  for  14  hours.  The  reaction  mixture 
was  cooled  to  room  temperature  and  maintained  at  the  same  temperature  for  1  day.  The  crystalline 

45  precipitate  was  filtered,  washed  with  ethanol  and  dried.  Thus,  9.95  g  of  product  were  obtained,  a  third  part 
of  which  was  the  title  compound  and  about  two  thirds  were  5-(3,4-dimethoxyphenylmethylene)-2,2-dimethyl- 
1  ,3-dioxane-4,6-dione.  This  mixed  product  was  subjected  to  fractional  crystallization  from  a  mixture  of 
chloroform  and  methanol  to  give  3  g  of  title  compound.  The  original  mother  liquor  and  the  ethanolic 
washings  were  combined,  supplemented  with  water  up  to  500  ml  and  after  adjusting  the  pH  value  to  1  by 

50  adding  concentrated  hydrochloric  acid,  the  mixture  was  maintained  at  5  °C  for  24  hours.  The  crystalline 
precipitate  was  filtered  and  washed  with  water.  The  filter-wet  product  was  dissolved  in  acetone,  stirred  with 
0.2  g  of  activated  charcoal  at  room  temperature,  then  the  charcoal  was  removed  by  filtration.  After  adding 
water  to  the  filtrate,  the  crystalline  precipitate  was  filtered  and  washed  with  a  mixture  of  acetone  and  water 
to  give  1.75  g  of  the  aimed  compound. 

55  Thus,  a  yield  of  4.75  g  (32.3  %)  was  obtained,  m.p.:  140-143  °C. 
The  infrared  spectrum  of  this  product  proved  to  be  identical  with  that  of  the  compound  prepared 

according  to  Example  1  . 
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Example  36 

Preparation  of  5-(3,4-dlmethoxyphenylmethyl)-2,2--dlmethyl-1  ,3-dloxane-4,6-dlone 

5  After  dropwise  adding  20.9  g  (20.9  ml,  0.24  mol)  of  morpholine  to  a  mixture  of  27.6  g  (22.6  ml,  0.6  mol) 
of  formic  acid  and  50  ml  of  dimethylformamide  under  stirring  and  cooling,  7.2  g  (0.05  mol)  of  Meldrum's 
acid  and  8.3  g  (0.05  mol)  of  veratraldehyde  were  added.  The  reaction  mixture  was  stirred  at  room 
temperature  for  30  minutes,  then  the  temperature  was  raised  to  45  °  C  during  30  minutes.  The  mixture  was 
stirred  at  45-50  °C  for  12  hours,  then  after  cooling  to  room  temperature  100  ml  of  water  were  added  and 

io  the  pH  value  was  adjusted  to  1  by  adding  concentrated  hydrochloric  acid.  After  maintaining  the  mixture  at  5 
°  C  for  24  hours,  the  crystalline  precipitate  was  filtered  and  washed  with  water. 

A  yield  of  6.35  g  (43.1  %)  was  achieved,  m.p.:  139-142  °C. 
The  infrared  spectrum  of  this  product  proved  to  be  identical  with  that  of  the  compound  prepared 

according  to  Example  1  . 
15 

Claims 

1.  A  process  for  the  preparation  of  compounds  of  the  general  formula  (I), 

0  

25 

30 
wherein 

R  means  hydrogen,  Ci  -+alkyl  or  (Ci  -5alkoxy)carbonyl  group; 
R1  stands  for  a  Ci-g  alkyl,  (Ci  -5alkyl)carbonyl,  (Ci  -5alkoxy)carbonyl  or  (Ci  -5alkoxy)- 

carbonyl--(Ci  -^alkyl)  group;  or  a  cyclohexyl  group;  or  a  cyclopentyl  group;  or  a 
35  phenyl,  furyl  or  thienyl  group,  optionally  mono-,  di-  or  trisubstituted  by  halogen, 

Ci-^alkoxy,  Ci  -+alkyl,  nitro,  Ci  -^alkylthio,  di(Ci  -4alkyl)amino  or  hydroxy  groups;  or  a 
b-CH  =  CH  group,  wherein  b  is  a  phenyl  group;  or 

R  and  R1  together  form  a  straight-chain  C^alkylene  group; 
R2  represents  a  Ci  -5  alkyl  or  phenyl  group; 

40  R3  means  hydrogen  or  a  Ci  -^alkyl  group;  or 
R2  and  R3  together  form  a  pentylene  group, 

which  comprises  reacting  a  compound  of  general  formula  (II) 

45 R  

R1 

CO ( i i )  

50 

with  a  compound  of  general  formula  (III) 

55 
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5 ( I I I )  

10 
and/or  reducing  a  compound  of  the  general  formula  (IV), 

15 

20 

( I V )  

wherein  R,  R1,  R2  and  R3  are  as  defined  above,  in  the  presence  of  formic  acid  and  [a]  secondary  and/or 
tertiary  amine(s)  at  a  temperature  of  10-70  °C. 

25 
2.  A  process  as  claimed  in  claim  1,  which  comprises  using  [an]  amine(s)  di-  or  trisubstituted  by 

Ci  -+alkyl  group(s)  or  [a]  cyclic  amine(s)  optionally  N-substituted  by  a  Ci  -+alkyl  group  as  secondary 
and/or  tertiary  amine(s). 

30  3.  A  process  as  claimed  in  claim  1,  which  comprises  using  diethylamine,  triethylamine,  pyridine, 
piperidine,  N-ethylpiperidine  and/or  morpholine  as  secondary  and/or  tertiary  amine(s). 

4.  A  process  as  claimed  in  claim  1,  which  comprises  using  formic  acid  in  an  amount  of  1-20  moles, 
more  preferably  3-12  moles,  most  preferably  6-12  moles  in  relation  to  1  mole  of  the  compound  of 

35  general  formula  (IV). 

5.  A  process  as  claimed  in  claim  1  ,  which  comprises  using  the  secondary  or  tertiary  amine  in  an  amount 
of  0.1-1.0,  preferably  0.1-0.5,  more  preferably  0.2--0.25  mole  in  relation  to  1  mole  of  formic  acid. 

40  6.  A  process  as  claimed  in  claim  1,  which  comprises  carrying  out  the  reduction  without  using  any 
solvent. 

7.  A  process  as  claimed  in  claim  1  ,  which  comprises  carrying  out  the  reduction  in  the  presence  of  an 
inert  organic  solvent,  suitably  dimethylformamide,  acetonitrile,  cloroform  or  ethanol. 

45 
8.  A  process  as  claimed  in  claim  1,  which  comprises  carrying  out  the  reduction  at  a  temperature  of  10- 

70  °  C,  preferably  20-55  °  C. 

9.  A  process  as  claimed  in  claim  1,  in  which  the  compound  of  formula  (IV)  is  prepared  by  reacting  a 
50  compound  of  formula  (II)  with  a  compound  of  formula  (III)  in  the  presence  of  formic  acid  and  a 

secondary  or  tertiary  amine. 

10.  A  process  as  claimed  in  claim  1,  in  which  the  synthesis  is  carried  out  in  a  "one-pot"  reaction,  without 
isolating  the  intermediate  product  of  formula  (IV). 

55 
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